Packaging is inseparable retainer of almost all food products. However, most of produced packaging ends as packaging waste after consumption of the product. Increasing amounts of packaging waste that should be managed represents serious challenge of every modern society. There are many different approaches to address this subject, amongst which biodegradable, natural biopolymer-based or even edible packaging holds considerable potential. In this paper, a by-product of edible oil industry, left after completed extraction by cold pressing of oil from hulls of pumpkin seeds, was used to produce biopolymer packaging films. Pumpkin oil cake was used to produce composite bio-based films. Different filtration of film forming suspension was applied in order to test composite film production using different filtration fractions, leading to higher process yield and minimizing waste. In addition, films were casted on surface, about ten times larger comparing to the cast surface typically reported for these types of films in the literature, in order to test the possibility for commercial production and scale up process. Also, casted mass of film forming suspension was varied in order to define minimal casting mass per unit area. Presented results showed that biopolymer films based on the pumpkin oil cake can be successfully produced in sheets (50x35 cm), compared to films earlier produced in the form of discs with diameter 12 cm. Different filtration fractions from initial film forming suspension can be used for film formation, leading to increased production yield. Different filtration fractions lead to different film properties that should be adjusted according to selected application. Casted mass of film forming suspension was successfully decreased (comparing to earlier literature data) without compromising film functional properties and minimal casting mass was defined as 26 g/m 2 .
INTRODUCTION
Extensive research has been performed to analyse different agro-industrial waste and by-products in order to valorize and reduce waste by recovering valuable natural compounds. Extraction of active compounds, as well as different biopolymers represents just a little fragment of waste valorization approaches that are being subjected to examination (Lin et al., 2014) .
One of possible utilizations of biopolymers extracted from biomass is production of natural, biodegradable, or even edible packaging (Popović et al., 2018) . These researches are in line with ongoing campaign focused on packaging industry. The campaign is driven by different stakeholders, consumers with increasing environmental awareness, as well as national governments through legislative frame that provides for measures aimed at limiting the production of packaging waste (Directive (EU) 2018/852).
Further concern of researchers is that sole extraction process of biopolymers uses additional chemicals and energy, leaving waste that is unsuitable to be used further or even represents bigger environmental load than the initial waste. This is why valorization with minimum processing, appreciating environment in all segments is preferable. In the frame of these aspiration, group of researchers offered new concept of utilization of edible oil industry waste and by-products, where instead of extracting protein isolate, whole cake or meal is used to produce composite biopolymer films, which is composed of proteins, as well as polysaccharides, oil and other components present in the starting cake or meal (Kim et producing composite biopolymer film based on hull-less pumpkin oil cake that remains after completed process of cold pressing oil from pumpkin seeds. Composition of cake was determined to be 60-65% proteins, about 12% carbohydrates and 8-12% oil that remains in the cake, which is very interesting for biopolymer film production considering high content of biopolymer fibres present.
In this research, procedure proposed by Popović et al. (2011) was modified in the part of filtration to test composite film production using different filtration fractions, i.e. included particle size, leading to higher process yield and minimizing waste. In addition, films were casted on larger surface, increasing ten times produced film surface in order to test possibility for commercial production and scale up process. Also, casted mass of film forming suspension was varied to define minimal casting mass per unit area.
MATERIALS AND METHODS
The grounded hull-less pumpkin (Cucurbita pepo L. c.v. Olinka) oil cake (PuOC) was kindly supplied by "Linum", Čonoplja, Serbia, and stored at the temperature of 4 °C. All other reagents were of analytical grade.
The film-forming suspension of PuOC (10%, w/w) was prepared in deionized water, with addition of 30% w/w (per weight of PuOC) glycerol and 0.2% w/w (per weight of polysaccharides in PuOC) guarxanthan. pH value of the obtained film forming suspension (FFS) was adjusted to 12.0 using 0.2 M NaOH and the FFS was incubated at 90 °C, for 20 minutes (Popović et al, 2011). Hot FFS was filtrated through nylon filter (pores around 100 m, PA13XXX, Saati Tech, Milano, Italy) to obtain finer filtration (FF) fraction of FFS and through cheesecloth (around 800 m, Clearstream Filters Inc., Delhi, Ontario) to obtain rougher filtration (RF) fraction of FFS. When FF fraction was obtained, production yield amounted around 50%w/w, while for RF fraction, production yield was 90%w/w. Obtained suspensions were poured onto Teflon coated flat glass surface (350 mm x 500 mm) to cast films. Casted mass of FFS was varied: 300 g, 250 g, 200 g, and 150 g in order to define minimal necessary casting mass to surface ratio. Under 150 g of FFS it was impossible to cover the surface for casting. Films were air dried for 2 days at room conditions. Dry films were peeled of the glass surface, visually examined and formed into adequate sample size for diferent property examinations. Before testing tensile properties, as well as water content of films, samples were conditioned during at least 48 h in two different atmospheres: temperature (23 ± 3) °C, RH=50±5% for room condi-tions (R) and temperature (6 ± 2) °C, RH=50±5% for refrigerated conditions (F).
Film thickness was measured using a micrometer Digico 1, with sensitivity of 0.001 mm (Tesa, Renens, Switzerland). Eight thickness measurements were carried out. Tensile strength (TS) and elongation at break (EB) were measured on the Instron Universal Testing Instrument Model No 4301 (Instron Engineering Corp., Canton, MA), according to ASTM standard method D882-10. A rectangular film strip of 90 mm in length and 15 mm in width was used. Prior to testing, strips were conditioned during at least 48 h in two different atmospheres, room conditions and refrigerated conditions. The initial grip separation was set at 50 mm, and crosshead speed was set at 50 mm·min -1 . TS and EB measurements were repeated at least five times for each storage condition.
For water content determination, film samples (2 × 2) cm were conditioned in dif-ferent starting atmospheres during 48 h (room and refrigerated conditions). Film samples were weighed (w 1 ), dried at 105 °C for 24 h and weighted (w 2 ) again. Water content (WC) was determined as the percentage of initial film weight lost during drying and reported on a wet basis (Eq. 1) (Rhim et al., 2002) .
Triplicate measurements of water content were conducted for each storage condition.
Swelling ability was determined on the pieces of films (1 × 2) cm in size, which were weighed in air-dried conditions, (w 1 ). They were then immersed in deionized water (25 °C) for 2 min. Wet samples were wiped with filter paper to remove excess liquid and weighted (w 2 ). The amount of adsorbed water was calculated as shown in Eq. (2) [%] =
where w 2 and w 1 were the weights of the wet and the air-dried samples, respectively (Bigi et al., 2004) . Swelling ability was also tested in pH=4, pH=7 and pH=9 buffers. Each measurement was repeated at least three times.
For total soluble matter determination, small pieces of film (2×2) cm were dried in the oven at 105 °C for 24 h to obtain the initial dry mass of the film. After drying, films were placed into test tubes containing 20 mL of deionized water. Test tubes were covered and gently shaken and left at room temperature, for 24 h. The remaining pieces of film were dried in the oven at 105 °C for 24 h to obtain final dry mass of the film. The percentage of total soluble matter (% TSM) of the films was calculated using the Eq. (3).
where w 1 and w 2 are initial dry mass before the test and final dry mass after the test. Test was repeated on each sample in minimum three replications (Popović et al., 2011) .
Moisture barrier properties of films were determined gravimetrically (dish method), according to the ISO 2528:1995, condition A (temperature 25 °C ± 1 °C and relative humidity 90% ± 2%, obtained by saturated solution of potassium nitrate). Silica gel was used as desiccant for filling the test dish. Three replicates were tested simultaneously.
Light transmission was measured by using a Т80+ UV-VIS Spectrometer (PG instruments LTD). The scanned wavelength range was 200-800 nm. The light transmission was measured on flat sample piece 15 mm x 50 mm. Three replications per sample were measured.
Statistical analysis was carried out using OriginPro 8 (OriginLab Corporation, Northampton, MA, USA). All data were presented as mean value with their standard deviation indicated (mean ± SD). Variance analysis (ANOVA) was performed, with a confidence interval of 95 % (p < 0.05). Means were compared by the Tukey test.
RESULTS AND DISCUSSION
The obtained films are shown in Fig 1. FF films (left) were barely transparent observed visually in transmitted light. Tactile observation was that films were smooth, soft and flexible, while visually films appeared glossy, light green with a hint of yellow hues. Mild aroma of pumpkin cake was registered. RF films appeared opaque, green, with yellow, dark green and black residues from the cake in the form of solid points. Upper side of the film (in contact with air during drying) was rough, while lower side was smoother. With increasing mass of casted film forming suspension, films appear visually less transparent and greener.
Film thicknesses, as well as uniformity of thickness figures are properties that affect many functional properties of films, amongst which mechanical and barrier properties. From the results for thickness of films, shown in Figure 2 , it can be seen that, both film suspension casted mass (g) and type of filtration affected this property. With growing mass of casted film forming suspension, thickness of films increased, as expected. This effect is more pronounced in RF films, compared to FF films. In this research, higher water content was recorded in the films conditioned in the refrigerated conditions, compared to the room conditioned ones. Also, water content was higher in the FF films, compared to the RF ones under room conditions ( Figure 5 ). These results are in good correlation with mechanical properties of the films, where water absorbed in the film probably acted as additional plasticizer. During initial hydration from the dry state, a biopolymer film experiences improved film elasticity as a result of diffusion of small water molecules between long polymer chains, widening polymer network and decreasing intensity of polymer-polymer interaction. With increasing hydration, film elasticity and cohesiveness decreases progressively because water-polymer interactions develop to the detriment of polymer-polymer bonds. In a 3-phase system (water-plasticizer-polymer), the pre-sence of the second plasticizer normally has a deciding influence on the plasticizing action of the primary one (Lourdin et al., 1997) . Barrier property of casted PuOC films toward water vapor is presented in Fig. 7 . Increasing mass of casted FFS from 150 g to 300 g did not affect this property significantly in FF films (p>0.05 fig.7 ) is recalculated to permeability, presented values would correspond to permeability of (14.4-17.4) gmm/m 2 24h kPa for the FF films, while for RF films these values would amount 13.2-18.4 gmm/m 2 24h kPa.
Considering this, it can be concluded that differences in WVTR were mostly due to differences in thickness between RF and FF films, and that films with normalized thickness showed similar water vapor permeability. Values for water vapor permeability of tested PuOC films are comparable to gelatin based films (Bourtoom, 2006; Jongjareonrak, 2006) , but lower than values reported for whey protein isolate based films (Fairley, 1996; McHugh and Krochta, 1994) . When beeswax was added to whey protein isolate based films, water vapor permeability of films was lowered to the values comparable to analyzed PuOC films (Perez-Gago and Krohta, 2001).
Another important barrier property of packaging material is light barrier property. Most extensively researched foods for photo sensibility, i.e. photo induced oxidation are dairy products and meat products. Apart from the control of present residual oxygen and properties of light source, packaging material light barrier property is one of the crucial factors that can protect food from the light induced deterioration. 
CONCLUSIONS
The presented results showed that biopolymer films based on the pumpkin oil cake can be successfully produced in sheets (50x35 cm), compared to earlier produced films in the form of discs with diameter 12 cm. Different filtration fractions from initial film forming suspension can be used for film formation, leading to increased production yield. Different filtration fractions lead to different film properties that should be adjusted according to selected application. FF films were thinner, less strong, but more elastic then RF films, with higher water sensitivity. FF films showed higher values for water vapor transmission, as well as light transmission properties. Casted mass of film forming suspension was successfully decreased (comparing to earlier literature data) without compromising film functional properties and minimal casting mass was defined as 26 g/m 2
.
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